Among the deteriorative processes occurring in the storage of moist cottonseed, two types of production of free fatty acids have been noted in the oil of the seed. One is a slow development which seems to result from the action of the seed enzymes (Jensen et al., 1950) ; the other is a rapid development associated with the growth of microorganisms (vide supra; Christensen et al., 1949) . In another seed, namely moldy corn, four of the fungi isolated were demonstrated by Goodman and Christensen (1952) to possess lipolytic abilities. However, there has been no attempt to identify or enumerate the lipolytic organisms in a sample of cottonseed in order to compare the numbers and kinds of such microorganisms with the fatty acid content of the oil of the seed. In the work reported here, a study was made of the conditions of each of 28 cottonseed samples, as indicated by moisture, free fatty acid content, the general magnitude of the numbers of lipolytic and nonlipolytic microorganisms found in or on the cottonseed and able to grow on an oil emulsion medium, and the identities of the lipolytic organisms. In a later work (Mayne, 1956) , the lipolytic activities of the identified or characterized organisms were measured quantitatively and grouped in relation to the quality of the seed from which the organisms came.
MATERIALS AND METHODS
Cottonseed samples. Twenty-eight samples of cotton seed, mostly of the 1951 crop, were obtained from six Southern states. The history of each sample as received is shown in table 1. Seventeen of the samples had been harvested recently; the other eleven samples had been stored in various ways. It must be realized that even I One of the laboratories of the Southern Utilization Research Branch, Agricultural Research Service, United States Department of Agriculture. the samples in the newly harvested group had had an opportunity to undergo some change during the period w-hile they were being mailed to the laboratory. When the samples were analyzed and graded according to the grading standards of the Federal Regulations (U.S.D. A., 1949) and the National Cottonseed Products Association (1955) , the seeds fell into groups as follows: 7 Prime Quality2, 14 Below Prime Quality, and 7 Off Quality. However, 12 of the samples contained less than 1.8 per cent free fatty acids in the oil.
The samples were placed, immediately after being received, into a deep freeze box and held at -15 to -20 C until cultured. Because this step was expedient and there was a possibility that some organisms would be killed by this temperature, counts are not accepted as absolute. Comparison is made only of the general magnitude of the counts of a group of samples receiving one grade with the counts of another group of samples assigned a different grade.
Numbers of microorganisms. Flora from the whole seed, rather than internal flora, were studied to avoid overlooking any lipolytic organisms which might have sporulated outside the hull, yet might have sent their mycelia and enzymes into the seed. Bacteria also were collected, although they have been considered by many workers to be inactive at moisture contents which would be in hygroscopic equilibrium wvith relative humidities 2 Prime Quality cottonseed contains not more than 1.0 per cent of foreign matter, not more than 12.0 per cent of moisture, and not more than 1.8 per cent of free fatty acids in the oil in the seed. Below Prime Quality cottonseed contains 1.0 to 10 per cent foreign matter, 12.0 Lambou, Parker, and Carns (1956 (Karon, 1947; Karon and Adams, 1948) .
Before culturing, each sample was allowed to thaw, placed in a sterile, covered pan, mLxed and quartered three times. A 10-g portion of each sample was weighed aseptically, transferred to a mortar, and ground with a pestle until it was observed that each seed was broken and crushed to small bits. A mill could not be used because the high moisture content of some samples caused the oily seed and linters to adhere to the blades. The ground seed was transferred with 90 ml of a 0.05 per cent aqueous solution of Tween 203 to a wide-mouth bottle and shaken mechanically for 20 minutes. Serial dilutions of the suspension were made as usual in progressions of 10 up to a dilution of 1: 1 million; 1 ml of each dilution was used in duplicate pour plates. A 3 The use of trade names in this article is for identification only and implies no endorsement of manufacturer or product. differential agar medium described by Goldman and Rayman (1952) was selected to make it possible to count and isolate the lipolytic microorganisms. This medium contained refined and bleached cottonseed oil (1.5 per cent), soybean phospholipid (Astec 41353), yeast extract, dipotassium phosphate, Nile blue sulfate, and agar, and was adjusted to a pH value of 7.2. In the preparation of this medium, the oil, emulsifier, and water were mixed in a Manton-Gaulin3 milk homogenizer, and the emulsion was sterilized and added aseptically to the other previously sterilized ingredients.
The Goldman and Rayman medium had been compared previously with the following media by culturing six samples of cottonseed on each: tryptone glucose extract agar; a modified Czapek's agar (Jensen et al., 1951) made with 1 per cent dextrose and primary potassium phosphate at pH 5.5; Goldman and Rayman medium at a pH of 4.0; and Goldman and Rayman medium at pH 7.2 but without oil. This comparison indicated that the Goldman and Rayman medium at pH 7.2 was better than any of the other media except LIPOLYTIC MICROORGANISMS ASSOCIATED WITH COTTONSElED265 tryptone glucose extract agar for supporting the growth of different kinds of organisms, and either better or as good for supporting the largest numbers of organisms. Tryptone glucose agar was slightly better for supporting the growth of molds. Since the Goldman and Rayman medium without oil supported growth the mere appearance of a colony on this medium was not an unqualified indication of lipolysis. It was considered that lipolysis had occurred wherever the color of medium, originally a salmon to purplish-pink, changed to blue, or wherever clearing of the oil emulsion was produced in a zone around or under the colony.
The cultures were incubated at 25 to 28 C for 7 days, observations, counts, and transfers being made on the third, fifth, and seventh days. Preliminary tests had shown that counts in samples of the same lot of seed could vary as much as 4-or 5-fold; therefore, only differences greater than this order of magnitude should be considered significant.
Lipolysis of microorganisms in pure cultures. From cultures of each cottonseed sample, two or three representative colonies of each type of lipolytic organism and occasionally of nonlipolytic organisms were transferred for isolation to other Goldman and Rayman plates, and finally to glycerol agar slants. Notation was made as to the intensity of lipolysis of the organisms in pure culture and the cultural characteristics. An arbitrary scale based on the size of the zone of blue color or of clearing of the emulsion, was devised to compare the activity of the organisms. The most lipolytic bacteria and molds were chosen from isolates for a subsequent investigation in which their lipolytic activity was measured quantitatively (Mayne, 1956 ).
Identifications of bacteria. All bacterial cultures were taken from the mineral oil-covered stock tubes (Morton and Pulaski, 1938) and streaked on nutrient agar plates. The colonies were described after incubation at 25 to 26 C for one or two days, depending on their rates of grow-th. If more than one type were present, each was identified separately to determine whether it was a variant or contaminant. The usual descriptions and physiologic reactions were determined for all cultures (Society of American Bacteriologists, Manual of Methods for Pure Culture Study of Bacteria, 1936-54) . For the aerobic sporeforming bacteria, the identification scheme of Smith et al., (1952) was followed. For the gram negative bacilli, which were possibly in the genus Pseudomonas, the special characteristics noted in a publication and in an amended key by Haynes (1951 Haynes ( , 1953 were observed. For those organisms which were thought to be Xanthomonas species, growth in nutrient broth containing 5 per cent or 9 per cent sodium chloride was determined also. Methods used, other than those mentioned above, include the following (incubation of cultures at 25 to 26 C):
Liquefaction of nutrient gelatin 3 days to 3 weeks at 25.5 and 20.0 C. Production of H2S in both peptone-iron agar and SIM agar (Difco Manual, 1953 Bacteria, 1936-54) , and also test in nitrate agar to observe possible gas formation. Growth on Simmon's citrate 3 to 10 davs (Difco Manual). Flagella stains were made according to Leifson's (1951) method. Fermentation of sugars in Purple Broth (Difco Manual) and also in Smith's (1952) synthetic medium. Pigment production in Burton's medium (1948) . Fluorescence production in King's medium (1948) . Cellulose test in Omeliansky's medium (Fred and Waksman, 1928) , and in the same medium plus 1 per cent dextrose, and in Kellerman's medium (Kellerman and McBeth, 1912) with ground commercial filter paper. Utilization of naphthalene according to Gray and Thornton (1928) using ammonium sulfate in one medium and potassium nitrate in another medium. Fermentation of ethanol according to Berry et al. (1954) .
Productioin of potassium-2-ketogluconate as described by Haynes (1951) but in still culture. Identifications of molds. The molds were taken from oil-covered stock cultures (Buell and Weston, 1947) and put onto potato dextrose and Czapek's sucrose agar plates. Slide cultures also were prepared according to Littman (1949) . AMorphology of the various organisms were studied from these preparations.
RESULTS AND Discussiox
Niumbers of microorganisms. The numbers of lipolytic molds and bacteria and the total numbers of molds and bacteria from each cottonseed sample are presented in table 2. In several of the tests, complete counts were not obtained because one or another type of organism grew over the entire plate crowding out the rest of the flora. Notations also are made of the quality of the seed samples as judged by moisture and free fatty acid content. In comparing the presence of lipolytic microorganisms with content of free fatty acids in the oil of the seed, it may be seen that 8 of the 16 samples which had over 1.8 per cent free fatty acids in the oil, contained over 10,000 lipolytic molds per gram of cottonseed; none of the other samples had as many of these molds. Ten of the samples with increased free fatty acids had 18 were 1+, 5 were i:, and 15 were negative. Four of the organisms picked as nonlipolytic were found to be 1+. The reason for these differences of reactivity between mixed and pure culture is not known. It is suggested that growth on artificial media may have affected organisms having weak or variable activity.
The data of the counts were re-evaluated in terms of these tests in pure culture since so many isolates were negative. The eight samples with high free fatty acids content still had over 10,000 lipolytic molds per gram, and most samples had numbers close to the original numbers which were lipolytic in mixed culture. One other sample having high free fatty acids had at least 21,000 molds which were lipolytic in pure culture but did not appear so originally in the mixed culture. Among those 10 samples with high free fatty acids content and over 10,000 lipolytic bacteria per gram, all 10 had more than 10,000 bacteria which were lipolytic in pure culture. However, among the five samples with low free fatty acids content and over 10,000 lipolytic bacteria per gram in mixed culture, three had very many less than this number which were lipolytic in pure culture.
Therefore to recapitulate: of 16 samples with high free fatty acids, 14 had more than 10,000 microorganisms, molds or bacteria or both, whose representatives were lipolytic in pure culture; and of 12 samples with low free fatty acid content, two had more than 10,000 microorganisms whose representatives were lipolytic in pure culture. Only the most lipolytic isolates from each sample of cottonseed were selected for identification studies.
Identification of lipolytic bacteria. Of 15 gram positive cultures originally isolated, one was found to be Bacillus subtilis, 12 were Bacillus pumilus, and two were not identified. Two of the B. pumilus isolates were atypical, 383B2a and variant b, and 388B4, in that they formed a pink pigment on gelatin and peptone iron agar. Three others of the original cultures of B. pumilus had variants, one (366B2b) of which was so different it could not be identified. It differed from the other and major portion of the culture in these respects: (1) it formed punctiform, smooth, translucent colonies rather than rough and ridged; (2) the size of the rods was an average 0.5 x 1.4 to 3.0 , instead of 0.7 x 2.0 to 3.0 ,; (3) in the gram stain there was a suggestion of palisade formation, but there were no metachromatic granules or palisade formation shown in the methylene blue stain; (4) spores were absent; (5) in some media the culture was yellow; (6) it did not grow well in nutrient broth; and (7) it was nonmotile. One of the unidentified gram positive bacilli, 386B5, a nonspore bearer, was similar to the B. pumilus cultures except for the lack of spores and the lack of motility. No palisade formation was noted. The second unidentified culture, 357B2, formed a smooth punctiform colony, was almost coccoid, was motile with peritrichous flagella, had a fluorescent [VOL. 4 yellow color, and formed nitrite from nitrate. In all other tests, it gave negative reactions.
Among the gram negative bacilli, 11 were in the genus Pseudomonas, three of these having variants. Two cultures fit the key (Haynes, 1953) (Breed, Murray, and Hitchens, 1948) . Since there may have been a question as to whether an organism having the reported habitat of lizards and Gila monsters would be in or on cottonseed, a close neighbor (Pseudomonas boreopolis) in the key was considered. However, the organisms described here did not attack naphthalene nor redden gelatin. Two organisms, 381B1 and 381B2, are considered to be Pseudomonas aeruginosa because they grew at 42 C and produced slime although they did not produce pigment. Three other cultures, considered unidentified as to species, 357B7, 375B5, and 385B2b, were also apyocyanogenic. They grew well at 25 and 37 C but not at 42 C. The last mentioned two cultures hydrolyzed starch strongly, and produced acid in maltose but not in glucose. Although they fit the key as P. reptilivorous, and with only a few exceptions also fit the key as Pseudomonas mephitica, they are not characteristic of the descriptions of either of these species in Bergqey's Manual of Determinative Bacteriology. Of the three sets of variants collected, two sets as mentioned above were identified as P. reptilivorouts. Hoxvever, the other unidentified set differed in some characteristics which are important in species identification: 385B2a grew at 42 C, produced only a slight slime, was only slightly yellow, and utilized starch to a slight degree as compared to its variant 385B2b which did not grow at 42 C, was definitely yellow, and utilized starch strongly.
The other 16 gram negative bacilli were very much like members of the genus Xanthomonas. However, no plant pathogenicity tests were made. These bacilli wvere either pale yellowv or deep golden yellow, almost orange; most of them had one polar flagellum, but some had some tufts of two to four polar flagella; all were preferably aerobic. Eight of the isolates had rough and smooth variants, making 24 cultures which could be divided into six large groups according to their reactions on starch, nitrate, and gelatin. colony has the appearance of a black woolly carpet with carbonaceous selerotia. Slide culture shows the parallel hyphae anastomosing at various points to form cell bridges and hyaline hyphae turning dark with brown chlamydospores. Culture 354M13 had dark submerged or surface mycelium and very fluffy high aerial mycelium that seemed to avoid the agar in the center of the plate. On Czapek's these aerial hyphae are gray, white, faint yellow, and pale peach. On potato dextrose they are all gray and white. The giant colonies have the same appearance as pictures of giant colonies of Rhizoctonia. Microscopic examination showed septate hyaline and brown hyphae with some smooth, heavy walled, irregular brown cells, some large cells with inclusions; young branches of hyphae were very thin walled and the older ones were thick and had many cell bridges between strands, some had thicker walls on one side than the other giving the appearance of a twisted strand, others had wartlike exeretions, no spores.
Culture 354M2 had white mycelium with red and yellow pigment in various places, the reverse was red to rose. There were many chlamydospores, yellowbrown and rough, terminal and intercalary. There were yellow thin walled cleistothecia, 17.5 ,, which looked like drops of liquid, hyaline asci 9.8 M, and hyaline, globose spores 2.1 Mu. Some chlamydospores were 10.5 ,u, with vacuoles of 1.4 or 2.1 A. Some vacuoles stained blue (either fatty acid or protein) with Nile blue, others did not stain. None stained red with Nile blue or sudan II (neutral fat). In the mycelium, some large bodies stained blue with the Nile blue. The knobs on the chlamydospores were of different sizes but mostly were round. This culture, which has the general appearance of a Fusarium, might be a lonascus.
Identities of organisms in various qualities of cottonseed. The names of the most lipolytic organisms found in the various types of seeds are listed in table 4. Most of these organisms were found in seeds of high free fatty acid, appearing only occasionally in seeds of low free fatty acid. However, it was noted that the Bacillus species, B. subtilis and B. pumilus, were found in all types of seed. No one kind of lipolytic organism seemed to be associated exclusively with samples having high free fatty acid content. lytic bacteria in these good quality seed were included in a group of lipolytic organisms which were either weak or variable in their activity.
The lipolytic molds were identified as Penicillium lanosum, P. citrinum, P. roseopurpureum, P. pusillum, Aspergillusflavus, A. awamori, A. luchuensis, A. terreus two varieties, Fusarium moniliforme, F. nivale, F. roseum, F. oxysporum, F. episphaeria, a Diplodia sp., a Hormodendrum sp., a Ceratostomella sp., and some unidentified species. The lipolytic bacteria were Xanthomonas-like organisms, Pseudomonas aeruginosa, P. ovalis, P. reptilivorous, other Pseudomonas species, Bacillus subtilis, B. pumilus, and a few unidentified gram positive bacilli.
